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@ Electrical wiring block with break test capability. 

@ An electrically balanced wiring device (100) 
comprises first and second rows (110 and 112) 
of connector blocks (108) including beam con- 
tacts for transmission lines. A row (116) of 
connectng strips (114) is located between the 
first and second rows (110 and 112) of connec- 
tor blocks (108). The connecting strips (114) 
include a first and second set of contacts co- 
operating to define defeatable electrical con- 
nections in said connecting strips. The connec- 
tor blocks (108) and connecting strips (114) are 
mounted on a circuit board (106). A circuitry on 
the circuit board (106) connects the contacts of 
the connector blocks in the first row (110) to the 
contacts of the first set in the connecting strips 
(114) and the contacts of the connector blocks 
in the second row (112) to the contacts of the 
second set in the connecting strips (114). The 
circuitry on the circuit board (106) is configured 
so as to substantially restore electrical balance 
to the transmission lines wherein cross talk 
originating from said first and second connec- 
tor means is reduced. 
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This invention relates to wiring blocks for use pri- 
marily In the communications industry. More specif- 
ically, this invention relates to a wiring device with 
break test capability. 

Conununication system and/or network eff iden- 
cy is directly dependent upon the Integrity of the con- 
nector scheme employed. Such connector schemes 
include, for example, standard interfaces for equip- 
ment/user access (outlet connector), transmission 
means (horizontal and backbone cabling), and admin- 
istration/distribution points (cross-connect and 
patching facilities). Regardless of the type of capabil- 
ities of the transmission media used for an installa- 
tion, the integrity of the wiring infrastructure is only as 
good as the performance of the individual compo- 
nents that bind It together. 

By way of example, a non-standard connector or 
pair scheme may require that work area outlets be re- 
wired to accommodate a group move, system 
change; or an installation with connecting hardware 
whose installed transmission characteristics are com- 
patible with an existing application but are later found 
to have inadequate performance when the system is 
expanded or upgraded to higher transmissk>n rates. 
Accordingly, connecting hardware without properly 
qualified design and transmission capabilities, can 
drain user productivity, compromise system perfor- 
mance and pose a significant barrier to new and 
emerging applications. 

Reliability, connection integrity and durability are 
also important considerations, since wiring life cycles 
typically span periods of ten or twenty years. In order 
to properly address specif icattons for, and perfor- 
mance of telecommunications connecting hardware, 
it is preferred to establish a meaningful and accessi- 
ble point of reference. The primary reference, consid- 
ered by many to be the international benchmark for 
commercially based telecommunications compo- 
nents and installations, is standand ANSI/EIA/TIA- 
568 (TIA-568) Commercial Building Telecommunica- 
tions Wiring Standard. A supplement Technical Sys- 
tems Bulletin to TIA-568 Is TIA/EIATSB40 (TSB40), 
Additional Transmission Specifications for Unshield- 
ed Twisted-Pair Connecting Hardware. Among the 
many aspects of telecommunications cabling cov- 
ered by these standards are connecting hardware de- 
sign, reliability and transmission performance. Ac- 
cordingly, the industry has established a common set 
of test methods and pass/fail criteria on which perfor- 
mance claims and comparath^e data may be based. 

To determine connecting hardware performance 
in a data environment, it is preferred to establish test 
methods and pass/fail criteria that are relevant to a 
broad range of applications and connector types. 
Since the relationship between megabits and mega- 
hertz depends on the encoding scheme used, perfor- 
mance claims for wiring components that specify bit 
rates without providing reference to an industry stan- 



dard or encoding scheme are of little value. There- 
fore, it is in the interest of both manufacturers and end 
users to standardise perfonmance information across 
a wide range of applications. For this reason, applica- 
5 tbn independent standards, such as TIA-568 and 
TSB40 specify performance criteria in terms of hertz 
rather than bits per second. This information may 
then be applied to determine if requirements for spe- 
cific applications are complied with. For example, 
many of the performance requirements in the IEEE 
802.31 (10BASE-T) standard are specified In mega- 
hertz (MHz), and although data Is transmitted at 10 
Mbps for this application, test "frequencies" are spe- 
cified in the standard (as high as 15 MHz). 

Transmission parameters defined in TSB40 for 
unshielded twisted pair (UTP) connectors include at- 
tenuation and near-end crosstalk (NEXT) and return 
loss. 

Connector attenuation is a measure of the signal 
power loss through a connector at various frequen- 
cies. It is expressed in decibels as a positive, frequen- 
cy dependent value. The lower the attenuation value, 
the better the attenuation performance. Since con- 
necting hardware is generally considered to be elec- 
trically short relative to the length of cabling between 
two active devices (i.e.. up to 100 meters of cable is 
typically allowed), the attenuation perfonmance of the 
connecting hardware Is usually not a major perfor- 
mance consideration. 

Connector crosstalk is a measure of signal cou- 
pling from one pair to another within a connector at 
various frequencies. Since crosstalk coupling is 
greatest between transmission segments dose to the 
signal source, near-end crosstalk (as opposed to far- 
end) Is generally considered to be the worst case. Al- 
though measured values are negative, near-end 
crosstalk (NEXT) loss is expressed in decibels as a 
frequency dependent value. The higher the NEXT 
loss magnitude, the better the crosstalk perfor- 
mance. 

Connector return loss is a measure of the degree 
of Impedance matching between the cable and con- 
nector. When impedance discontinues exist, signal 
reflections result. These reflections may be meas- 
ured and expressed in terms of return loss. This para- 
meter is also expressed in decibels as a frequency 
dependent value. The higher the return loss magni- 
tude, the better the return loss performance. 

Since most high speed transmission applications 
that are designed for use with twisted-pair cabling do 
not operate in a full duplex mode (i.e., transmit and re- 
ceive signals are not carried over the same pair), the 
effects of signal reflections, as caused by connec- 
tors, are generally not significant with respect to the 
ability of the twisted pair cabling. However, for future 
high speed applications that may employ full duplex 
transmission, connector return loss poses a signifi- 
cant limitation unless properly controlled. 
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The net effect of these parameters on channel 
performance may be expressed in srgnal-to-noise ra- 
tio (SNR). For connecting hardware, the parameter 
that has been found to have the greatest impact on 
SNR is near-end crosstallc 5 

Several industry standards specify multiple per- 
formance levels of UTP cabling components have 
been established. For example. Category 3, 4 and 5 
cable and connecting hardware are specified in 
ElVTIA TSB-36 & TIA/EfA TSB40 respectively. In io 
these specifications, transmission requirements for 
Category 3 components are specified up to 16 MHz. 
They will typically support UTP voice and IEEE 802 
series data applications with transmission rates up to 
10 Mbps, such as 4 Mbps Token Ring and 1 DBASE- is 
T 

Transmission requirements for Category 4 com- 
ponents are specified up to 20 MHz. They will typical- 
ly support UTP voice and IEEE 802 series data appli- 
cations with transmission rates up to 16 Mbps, such 20 
as Token Ring. 

Transmission requirements for Category 5 conv 
ponents are specified up to 100 MHz« They are ex- 
pected to support UTP voice as well as emerging vid- 
eo and ANSI X3T9 series data applications with trans- 25 
mission rates up to 100 Mbps, such as 100 asyn- 
chronous transfer for mode (ATM) applications. 

In order for a UTP connector to be qualified for a 
given performance category, it must meet all applica- 
ble transmission requirements regardless of design 30 
or intended use. The challenge of meeting transmis- 
sion criteria is compounded by the fact that connector 
categories apply to worst case performance. For ex- 
ample, a work area outlet that meets Category 5 
NEXT requirements for all combinations of pairs ex- 35 
cept one, which meets Category 3, may only be clas- 
sified as a Category 3 connector (provided that it 
meets all other applicable requirements). 

Wiring/connector blocks with circuit interrupt ca- 
pability, sometimes referred to as "break-tesr capa- 40 
bitity, are welt known. For example, such products are 
described in U.S. Patent Nos 5,044,979; 4.547,034 
and 4.615.576. These patents describe wiring/con- 
nector blocks having two rows of wire termination 
connectors that are separated by an optional conneo- 45 
tor for providing interruptable electrical connections 
between the two rows of wire termination connectors. 
An important limitation of these prior art blocks is that 
the spatial alignment of the adjacent contacts allows 
crosstalks coupling to occur within the connector be- so 
tween the input and output terminations. 

The regular dip spacing causes uniform capaci- 
tative coupling between adjacent rows of dips such 
that, when used with twisted-pair wires, the '*tip" and 
"ring" wires that constitute a pair (balanced transmis- ss 
sion line) is equal to that of adjacent conductors from 
different pairs. Since the crosstalk performance Is de- 
termined by the degree of capacitive imbalance be- 



tween pairs (i.e. the difference In capacitive coupling 
between each conductor of a pair and a conductor of 
another pair), the constant spacing between rows 
poses a limitation in terms of crosstalk performance 
between adjacent circuits. The extent of this limita- 
tion is manifested In tenms of transmission perfor- 
mance. Transmission tests of these ability to support 
high speed signalling applications is limited to those 
supported by cabling systems of Category 4 or less. 

AT&T Technologies IIOT-series tenminal Nock 
employs two rows of known 100C series connecting 
blocks with Its bottom insulation displacement termi- 
nals connected to bent tail leads that extend from 
contacts positioned between the two rows of HOC 
connectors. These contacts are positioned and 
housed to provide a circuit interrupt capability. As with 
the devices described in U.S. Patent Nos. 5,044,979; 
4,547,043 and 4,61 5,576, the regular contact spadng 
and significant electrical length of this product have 
the effect of limiting transmission perfonmance, and 
hence its ability to support advanced networking ap- 
plications. In this case, transmission performance is 
limited to Category 4. 

U.S. Patent No. 5,160,273 disdoses a "break- 
tesr device which employs positioned shielding to inv 
prove crosstalk isolation between pairs. Although this 
design provides a t)enef It in terms of improved cross- 
talk performance over the above discussed prior art 
devices, it is bereft with other limitations such as by 
additional expense of the shield element and numer- 
ous additional secondary operattons required to as- 
semble the finished product. The shield also raises 
the risk of compromising electrical Isolation between 
signal carriers. 

Prior art methods also exist for achieving electri- 
cal balance between pairs to improve crosstalk per- 
formance of other types of connectors used with bal- 
ancing cabling. In particular. EP-A-06024d4, filed 4 
December 1993, discloses an electrically balanced 
connector assembly for modular jack outlet connect 
tors. However, modular jack outlet connectors do not 
require internal "break-test" capability. Heretofore 
wiring blocks have not offered compensation means 
to achieve electrical balance between pairs. 

It Is an object of this Invention to provide an elec- 
trically balanced wiring device that overcomes or al- 
leviates the above discussed drawbacks and defi- 
ciencies of the prior art. 

This problem is solved by a wiring device accord- 
ing to daim 1. 

The electrically balanced wiring device or block 
assembly of this invention has a circuit board which 
includes impedance controlled circuitry with integral- 
ly defined capacitive elements designed to improve 
electrical balance between Interconnected wiring and 
connecting strips and thereby optimise its transmis- 
sion performance. 

Plated through-holes in said circuit board are pre- 
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ferably used for integrally defining capacitive ele* 
ments. The traces of said circuitry are sized and 
spaced to provide a given characteristic impedance 
that is designed to match that of the balanced cable 
to which it is connected (typically 100 ohms). This im- 
pedance controlled circuitry is connected to the ca- 
pacitfye through-holes that are sized, spaced and in- 
terconnected in various configurations to generate 
the desired capadtance. This method of tuning ca- 
padtive balance between pairs of contacts makes 
use of the proportioning of the printed circuitry ele- 
ments to produce a new desired effect 

An extremely repeatable and economical means 
of adding capacitance to electrical drcuits is also dis- 
closed. 

The two rows of connecting blocks and the row of 
connecting strips therebetween are mounted to one 
side of the circuit board preferably by solderless 
means and are interconnected between selected 
leads of the connecting blocks and connecting strips 
by the circuitry such that, when it is interrupted by In- 
sertion of a patch connector or test adapter, the ap- 
propriate amount of compensation still exists for the 
two circuits that extend between the wire tenmination 
and center connecting strips as a result of separating 
the "break-test" contacts. 

The circuit board is preferably mounted onto a 
bracket which Is itself mounted onto a wiring block 
base. 

A disconnect plug is provided for breaking electri- 
cal connection between selected connecting block 
positions by separating contacts at selected connect- 
ing strip positions. The plug Indudes an Insulated div- 
iding member which is inserted between the selected 
connecting strip contacts. The plug and strip housing 
further Indude means for aligning and retaining the 
plug on the connecting strip. The strip housing and 
disconnect plug are designed such that drcuits may 
only be inten'upted in one pair increments. Insertions 
at the plug between pairs (i.e., and ring of adjacent 
pairs) is prevented. 

Also, a modular jack test assembly is provided for 
testing and/or at other times when modular jack con- 
nection is desired. The modular jack test assembly 
comprises a modular jack mounted on a circuit board 
having edge contacts for mating with the contacts of 
the connecting strip. The modular jack and circuit 
board are enclosed in a housing assembly which In- 
dudes means for aligning and retaining the modular 
jack test assembly on the connecting strip. The strip 
housing and test plug are designed such that the cir- 
cuit may only be accessed in increments of one pair. 
They also Indude polarity features to ensure that the 
plug can only be inserted when oriented one way. All 
keying and polarity features are designed to present 
access to the center contacts unless the test plug is 
properly aligned and oriented. The printed circuit 
board with the modular jack may also indude integral- 



ly defined capacitive elements designed to improve 
electrical balance between the modular jack and the 
edge contacts on the circuit board and thereby optim- 
ise its crosstalk performance. 
5 Devices that are electrically short relative to the 

wavelength of the signals they are intended to carry 
are commonly modelled as discrete (or lumped) ele- 
ments. Since the maximum frequency used to char- 
aderise connecting hardware for twisted-pair cabling 
10 is 1 00 MHz as defined in TSB40, components whose 
eledrical length Is less than one-eighth the signal wa- 
velength at this frequency may be treated as a single 
eledrical entity, rather than a series of discrete ele- 
ments. For example, a 100 MHz signal has a wave- 
15 length (X) of approximately 3 meters, therefore the 
properties of the individual components that a con- 
nector is composed of (i.e., wire termination means, 
break-test means, and printed circuitry), behave as a 
single electrical entity, provided that the total eledri- 
20 cal length between input and output connections 
does not exceed 3 meters 8 - 38 cm. 

The fad that the properties of the individual ele- 
ments of a connedor exhibit an "averaging" effed 
permits the introduction of electrical compensation 
25 means, such that the adverse eledrical properties of 
one portion of the connector, may be offset by the in- 
troductk)n of appropriate reactive compensation 
means in another. In the case of the present inven- 
tion, printed circuitry is used in a novel way to com- 
30 pensate for impedance discontinuities and capacifive 
imbalance caused by the wire connedion means aruf 
break test means that are connected thereto. 

The above-discussed and other features and ad- 
vantages of the present invention will be appreciated 
35 and understood by those skilled In the art from the fol- 
lowing detailed description and drawings. 

Referring now to the drawings wherein like ele- 
ments are numbered alike In the several figures : 

Figures 1 A-C are views of a wiring block in accor- 
40 dance with the present Invention wherein Figure 

1 A is a top plan view thereof, Figure IB is a side 

elevational view thereof, and Figure 1C is an end 

view thereof; 

Figures 2A-B are views of a base used in the wir- 
45 Ing block of Figures 1A-C wherein Figures 2A is 
a top plan view thereof and Figure 28 is an end 
view thereof; 

Figures 3A-E are views of a bracket used in the 
wiring block of Figures 1 A-C wherein Figure 3Ais 
50 a top plan view thereof. Figure 38 is a side ele- 
vational view thereof, Figure 3C is an end view 
thereof. Figure 3D is a bottom view thereof, and 
Figure 3E is a view taken along the line 3E-3E of 
Figure 3D; 

55 Figures 4A-C are views of a circuit board used in 
the wiring block of Figures 1A-C wherein Figure 
4A Is a top view thereof, Figure 48 is a side ele- 
vational view thereof, and Figure 4C is a bottom 
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view thereof; 

Figure 4D is a schematic of the capacitive oom- 
pensation means employed by the present inven- 
tion; 

Figure 4E Is a schematic of the impedance 5 
matching means employed by the present Inven- 
tion; 

Figure 5 is a side elevatlonal partly cross section- 
al view of a connecting block mounted on a circuit 
board, partially shown, used in the wiring block of io 
Figures 1A-C; 

Figures 6A-D are views of a connecting strip used 
in the wiring block of Figures 1A-C wherein Figure 
6A is a side elevational view thereof. Figure 6B Is 
atop view thereof, Figure 6C is an end view there- is 
of, and Figure 6D is a view in partial cross-section 
taken along the line 6D-6D of Figure 6A; 
Figures 7A-G are views of a housing used in the 
connecting strip of Figures 6A-D wherein Figure 
7A is a skJe elevational view thereof, Figure 7B is 20 
a top view thereof, Figure 7C is a bottom view 
thereof, Figure 7D is a view taken along the line 
7F-7F of Figure 7A, and Figure 7G Is a view taken 
along the line 7G-7G of Figure 7A: 
Figures 8A-D are views of a contact used in the 25 
connecting strip of Figures 6A-D wherein Figure 
8A is a side elevational view thereof, Figure SB is 
an end view thereof. Figure BC is a view taken 
along the line 8C-8C of Figure 8A, and Figure 8D 
is a view taken along the line 8EV8D of Figure 8A; 30 
Figures 9A-D are views of the wiring block of Fig- 
ures 1A-C without the base of Figures 2A-B 
wherein, Figure 9A is a top plan view thereof, Fig- 
ure 9B is a side elevational view thereof, Figure 
9C is an end view thereof, and Figure 9D is a view 35 
In partial cross section taken along the line 9D-9D 
of Figure 9B; 

Figures 10A-C are views of the wiring block in ac- 
cordance with an alternate embodiment of the 
present invention wherein Figure 1 0A is a top 40 
plan view thereof, Figure 1 0B is a side elevational 
view thereof in partial cross-section and Figure 
10c is an end view thereof; 
Figures 11A-E are views of a disconnect plug for 
use with the connecting strip of Figures 6A-D In 45 
accordance with the present invention wherein 
Figure 11 A is a side elevational view thereof, Fig- 
ure 11B is a first end view thereof. Figure 11C is 
a second end view thereof in partial cross- 
section. Figure 11 D Is a view taken along the line so 
11D-11D of Figure 11c, and Figure 11 E is a view 
taken along the line 11E-11E of Figure 11 B; 
Figures 12A-D are views of a first portion of a 
cover assembly in accordance with the present 
inventton wherein Figure 12A Is an exterior side ss 
elevational view thereof. Figure 12B is an end 
view thereof, and Figure 12D is an interior side 
elevational view thereof; 



Figures 13A-E are views of a second portion of 
the cover assembly in accordance with the pres- 
ent invention wherein Figure 13A is an interior 
side elevational view thereof. Figure 13B is an 
end view thereof. Figure 13C is a view taken 
along the line 13C-13C of Figure 13A, Figure 13D 
is an exterior side elevational view thereof, and 
Figure 1 3E is a view taken along the line 1 3E-1 3E 
of Figure 13A; 

Figures 14A-C are views of a modular jack 
mounted on a circuit board in accordance with the 
present inventton wherein Figure 14A is a side 
elevational view thereof. Figure 14B is an end 
view thereof, and Figure 14C is a top view there- 
of; 

Figures 15A-C are views of a circuit board of Fig- 
ures 14A-C wherein Figure 16A is a first side view 
thereof. Figure 15B is an end view thereof, Figure 
15C Is a second side view thereof, and Figure 
15D is a schematic of the electrical connections 
thereof; 

Figures 16A-D are views of the circuit board of 
Figures 14A-C in accordance with an alternate 
embodiment wherein Figure ISA is a first side 
view thereof. Figure 16B is an end view thereof. 
Figure 16C is a second side view thereof, and Fig- 
ure 16D is a schematic of the electrical connec- 
tions thereof; 

Figures 17A-D are views of the circuit board of 
Figures 14A-C in accordance with an alternate 
embodiment wherein Figure 17A is a first side 
view thereof. Figure 17B is an end view thereof, 
Figure 1 7C is a second side view thereof and Fig- 
ure 17D is a schematic of the electrical connec- 
tions thereof; 

Figures 18A-D are views of the circuit board of 
Figures 14A-C in accordance with an alternate 
embodiment wherein, Figure 18A is a firet side 
view thereof. Figure 18B is an end view thereof. 
Figure 1 8C is a second side view thereof, and Fig- 
ure 18D is a schematic of the electrical connec- 
tions thereof; 

Figures 19A-D are views of the nKKiuiar jack and 
circuit board of Figures 14A-C installed within the 
cover assembly of Figures 12A-D and 13A-E In 
accordance with the present invention wherein 
Figure 1 9A is a side elevational view thereof. Fig- 
ure 19B Is an end view thereof. Figure 19C Is a 
bottom view thereof. Figure 1 90 is a top view 
thereof, and Figure 19D is a schematic of the 
electrical connections thereof; 
Figures 20A-D are views of a modular jack with a 
circuit board Installed in a cover assembly in ac- 
cordance with an alternate embodiment of the 
present invention wherein Figure 20A is a side 
elevational view thereof. Figure 20B is an end 
view thereof. Figure 20C is a bottom view thereof, 
and Figure 20D is a top view thereof; 
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Figures 21 A-E are views of a first portion of the 
cover assembly of Figures 20A-D wherein Rgure 
21 A is an exterior side elevational view thereof, 
Figure 21 B is a view taken along the line 21 B-21 B 
of Figure 21 A, Figure 21C is an end view thereof. 
Figure 21 D is an interior side elevational view 
thereof, and Figure 21 E is a top view thereof; 
Figures 22A-E are views of a second portion of 
the cover assembly of Figures 20A-D wherein 
Figure 22A is an Interior side elevational view 
thereof, Figure 22B is an end view thereof, Figure 
22C is a view taken along the line 22C-22C of Fig- 
ure 22A, Figure 22D is an exterior side elevation- 
al view thereof, and Figure 22E is a view taken 
along the line 22E-22E of Figure 22A; 
Figures 23A-C are views of the modular Jack 
mounted on the circuit board of Figures 20A-D 
wherein Figure 23A is a side elevational view 
thereof, Figure 23B is an end view thereof, and 
Figure 23C is a top view thereof; and 
Figures 24A-E are views of the circuit board of 
Figures 23A-C wherein Figure 24A is a first side 
view thereof, Figure 24B is an end view thereof, 
Figure 24C is a second side view thereof. Figure 
24D is a schematic of the electrical connections 
thereof, and Figure 24E is a schematic of the 
electrical connections of an optional 2-pair test 
adapter; 

Figures 25A-C are plots of performance data for 
the block of US Patent n*" 5,044,979 as a function 
or frequency wherein Figure 25A is a plot of at- 
tenuational thereof. Figure 25B is a plot of NEXT 
thereof, and Figure 25C is a plot of return loss 
thereof; 

Figures 26A-C are plots of performance data for 
the AT&T 110T-50 block as a function of frequen- 
cy wherein Figure 26A is a plot of attenuation 
thereof. Figure 26B is a plot of NEXT thereof, and 
Figure 26C is a plot of return loss thereof; 
Figures 27A-C are plots of perfonmance data In 
accordance with the present invention as a f unc> 
tion of frequency wherein Figure 27A is a plot of 
attenuationai thereof. Figure 27B is a plot of 
NEXT thereof, and Figure 27C is a plot of return 
loss thereof. 

Referring f iret to Figures 1 A-C, a wiring block in 
accordance with the present invention is shown gen- 
erally at 100. Wiring block 100 comprises a base 102 
having a mounting bracket 104 snap lock mounted 
onto one surface thereof. A circuit board 106 is snap 
lock mounted onto bracket 104. A plurality of connect- 
ing blocks 108 are mounted on circuit board 106 along 
two rows 110 and 112. The connecting blocks 108 are 
shown in Figure 5 herein and are described in detail 
In EP-A-0585731, filed 18 August, 1993. While only 
two rows of connecting blocks 108 are shown in Fig- 
ures 1 A-C, it is contemplated by the present Invention 
that any number of connecting block rows may be em- 



ployed with an appropriate base. A plurality of con- 
necting strips 114 are mounted on ctoJit board 106 
along a row 116 between rows 110 and 112. 

Referring to Figures 2A-B, base 102 includes an 

5 upper surface 118 with a plurality of longitudinally ex- 
tending channels 120 therein. Each channel 120 has 
a plurality of rectangular openings 122 therethrough. 
Retaining ledges 123 (Figure IB) are defined within 
openings 122 for retaining bracket 104 on base 102. 

10 At each end of base 1 02 In alignment with each chan- 
nel 120 is an upright member 124. Upright members 
124 each comprise a member 126 and Includes a per- 
pendicular notch 132 (Figure IB) at the lower end 
thereof. Notch 132 and a slot 130 (Figure 2B) fonm a 

15 cross shaped opening. Also a retaining ledge 134 Is 
defined at the inner facing surface of slot 130. The 
above features are consistent with a prior art wiring 
block that is appropriate for use with the present in- 
vention. This block, whk^h may or may not be used 

20 with the detachable leg assemblies, described in 
EP-A-0585700 filed 14 August 1993. Extending from 
one side of each member 126 is a retaining edge with 
a co-operating angled surface 136. The retaining 
edge, surface 136 and member 138 provide means 

2$ for retaining a designation strip of the type described 
in EP-A-0585700 designated at 129 in Figure 6 there- 
of. 

Also base 102 has a plurality of mounting holes 
140 along the sides thereof. Holes 140 allow for at- 

30 tachment of wiring block 1 00 to a surface (typically a 
wiring closet wall or panel). 

Referring to Figures 3A-E, mounting bracket 104 
includes a base member 142 having upper and lower 
surfaces 144, 146 respectively. A plurality of rails 

35 148, 148' on surface 144 define channels 150. Awall 
1 52 at each end of bracket 1 04 closes off the ends of 
channels 150. Side rail 148* includes a plurality of cut 
outs 154. Each cut out 154 is closed off by a side re- 
taining member 156. Each side retaining member 156 

40 includes a support ledge 1 58 formed Integrally there- 
with. Rails 148. 148', walls 152 and ledges 158 all ex- 
tend upwardly from surface 144 the same distance, 
thereby defining a support surface having channels 
150 therein. A plurality of resilient panels 160 extend 

45 upwardly from each skJe 162, 164 of bracket 104. 
Panels 160 are located along the sides of bracket 104 
and between side retaining members 156. Each pan- 
el 1 60 Includes upright members 166 connected by an 
upper member 168. Further, each panel 160 includes 

50 an angled surface 1 70 on member 1 68 defining a re- 
taining ledge 172. 

A pair of longitudinal rails 174 depend downward- 
ly from the lower surface 146 of bracket 1 04. Each rail 
1 74 is received In corresponding channel 120 of base 

55 102. A plurality of posts 176 extend downwardly from 
a lower surface 1 78 of each rail 174. A pair of upward- 
ly and outwardly extending resilient arms 180 depend 
from opposing sides of the lower most end of each 
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post 176. Posts 176 and associated arms 180 pass 
through openings 120 of base 102. wherein anns 176 
engage ledges 123 (Figure 1 B), thereby retaining wir- 
ing bracket 104 on base 102. 

Referring to Figures 4A-C. circuit board 106 Is 5 
shown. Board 106 is a two-sided printed circuit board 
having a plurality of vias or feed-through holes there- 
through. Circuit board 106 includes opposing surfac- 
es 182, 184. opposing sides 186, 188 and opposing 
ends 190, 192. A first row of pads 194 having plated io 
feed-through holes accepts connecting blocks 108 in 
row 110. Second and third rows of pads 196. 198 hav- 
ing plated feed-through holes accept connecting 
strips 114 in row 116, and a fourth row of pads 200 
having plated feed-through holes accepts connecting is 
blocks 108 in row 112. A fifth row of plated through 
holes 202 Is disposed adjacent the first row of pads 
194, with through holes 202 connected to selected 
pads 194 by circuit traces 204 on surface 182. Asbcth 
row of interconnected plated through hole pairs 206 20 
Is disposed adjacent the second row of pads 1 96, with 
through hole pairs 206 connected to selected pads 
196 by circuit traces 208 on surface 182. A seventh 
row of Interconnected plated through hole pairs 210 
is disposed adjacent the third row of pads 1 98. with 25 
through hole pairs 210 connected to selected pads 
198 by circuit traces 212 on surface 182. An eighth 
row of plated through holes 214 is disposed adjacent 
the fourth row of pads 200, with through holes 214 
connected to selected pads 200 by circuit traces 216 30 
on surface 182. Further, pads 194 are connected to 
corresponding pads 196 by drcuit traces 218 on sur- 
face 184, and pads 200 are connected to correspond- 
ing pads 198 by circuit traces 220 on surface 184. 

Sides 186 and 188 of circuit board 106 include a 35 
plurality of recesses 222 each being defined by an 
edge surface 224 tenminating in accurate surfaces 
226. Recesses 222 align with the cut out portions 1 54 
of bracket 104, when circuit board 106 is mounted on 
bracket 104, as will be described hereinafter. 40 

Through holes 202, 214 and through hole pairs 
206, 210 are positioned and connected to selected 
through holes 194, 196, 198 and 200, and circuitry 
220, 218 is laid out, whereby the above configuration 
induces a desired capacitance within the circuit. 45 

Couplings between through holes 200 and 214 
and between through holes 194 and 202 are designed 
to offset capacltive imbalance that is caused by con- 
necting blocks 108. Coupling between through holes 
1 98 and through hole pairs 21 0 and between through so 
holes 196 and through hole pairs 206 are designed to 
offset capacltive imbalance that is caused by the cor- 
responding rows of connecting strips 114. Since it is 
preferable to place the compensation means electri- 
cally close to the connector being compensated, 55 
there are actually four sets of compensation means 
for each through circuit; two to compensate for con- 
necting blocks 108 and two to compensate for con- 



necting strips 114. 

Referring to Figure 4D, capacitor designated C5 
represents the combined effects of the two sets of 
capacltive holes that reside on either the input or out- 
put side of the circuit This "distributed" compensation 
means has the additional benefit of preserving per- 
formance, even when the circuit is interrupted for test- 
ing or patching. The benefit provided by these capac- 
ltive through holes is manifested by comparing the 
NEXT performance traces of Figures 25B, 26B on 
one hand and 278 on the other hand. Figure 27B 
shows that the present invention exhibits NEXT per- 
formance that is 8 dB better than that of Figure 25B 
and 11 dB better than that of Figure 26B. Capacltive 
coupling between adjacent pairs of connecting block 
108 can be expressed as 

Cunbalancwl at Mock 108 = Ci - C2. 

Capacltive unbalance between adjacent pairs of 
connecting strip 114 (input or output half only) can be 
expressed as Cunbalanced at one half of strip 114 - 
C3 -C4. Capacitance required to restore pair-to-pair 
balance between connecting block 108 and one half 
of connecting strip 114 can be expressed as C5 = Cur>. 

balanco at Woclc 108 ^unbalanc© at ono half oT strip 1U ~ (^I^Ca) 
- (C2+C4). 

Referring to Figure 4, circuit traces 220 and 218 
are designed in accordance with the impedance en- 
hancement principle shown. Theoretical characteris- 
tic impedance (combined elements) can be ex- 
pressed as : ZoT = [Lj/CtJ''* = [Lpch + 1-100 + U 114 / Cpch 

+ Ct08 + C.^„4l'^ 

First, characteristic Impedance required to match 
that of the twisted pair cable (UTP) (e.g. ZqT =100 
ohms) is selected. Then the total inductance (or ca- 
pacitance), including printed circuit board traces is 
determined by theoretical and/or empirical means. 
The capacitance (or inductance) between tip and ring 
conductors of connecting block 108 and one half (or 
side) of connecting strip 114 Is detennlned by theoretical 
and/or empirical means. The required tip to ring capao- 
itance to achieve an equivalent characteristic impe- 
dance of ZoT through the following relation is calculat- 
ed : Cpcb = (Lpcb + Lios + L.^ iu) - Zo"P (C108 + Ci^ „4) / 

Alternatively, Inductance may be calculated by a 
similar technique. Circuit geometry can be varied 
and/or through holes added to achieve tip-to-ring ca- 
pacitance of Cpcb. 

Using this technique, either Inductance, or capac- 
itance, or both may be varied on the circuit board to 
provide an input impedance that is matched with the 
cable to which it Is connected for a given range of fre- 
quencies. The benefits of this impedance tuning 
technique are manifested by comparing Figures 25A, 
26A to Figure 27A and Figures 25C. 26C to Figure 
27C. Although the electrical length of the present in- 
vention is significantly greater than that of the prior 
art block disclosed in US Patent No. 5,044,479, the 
impedance tuning method taught by the present in- 
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ventton allows It to exhibit more than 7 dB better re- 
turn loss than Figure 25C at 100 MHz. Comparison to 
the results of Figure 26C, (a product that has dose to 
the same electrical length) shows that the present In- 
vention has more than 19 dB better return loss at 100 5 
MHz. Because less signal energy is reflected back, 
the attenuation perfonmance of the present Invention 
is also better than that of these prior art blocks as evi- 
denced by Figures 25A and 26A. 

Figures 25A-C show worst case attenuation, io 
NEXT and return loss performance data on the block 
of US Patent No. 5,044,979 as a function of frequency 
from 1 MHz to 100 MHz based on four adjacent pairs 
of twisted-pair wires. Although return loss and attenu- 
ation performance satisfy Category 5 crosstalk re- is 
quirements by at least 4 dB (decibels), at 1 00 MHz the 
NEXT requirement is 40 dB or greater. This product 
measures only 35.9 dB at 100 MHz and consistently 
fails to meet Category 5 NEXT requirements at other 
frequencies. 20 

Figures 26A-C show worst case attenuation, 
NEXT and return loss performance data on the AT&T 
110T-50 block as a function of frequency from 1 MHz 
(megahertz) to 100 MHz based on four adjacent pairs 
of twisted-pair wires. Although return loss and attenu- 25 
atk>n performance appear to satisfy Category 5 re- 
quirements, the NEXT performance of this product 
falls short of the TSB40 Category 5 crosstalk require- 
ments by at least 7 dB. At 1 00 MHz the NEXT require- 
ments is 40 dB or greater. This product measures only 30 
32.7 at 100 MHz and consistently falls to meet Cate- 
gory 5 NEXT requirements at other frequencies. 

A distinct advantage of the circuitry on board 106 
is that separate compensation means is provided be- 
tween through holes 198 and 200 and between 35 
through holes 194 and 196 such that, when the con- 
nection between through holes 198 and 198 is inter- 
rupted by inserting a patch connector or test adapter 
into connecting strip 114. the appropriate amount of 
compensation still exists for the two separate circuits, 40 
that now extend between connecting block 108 and 
connecting strip 114. 

For Instances, when test access is desired with- 
out interrupt capability, it will be appreciated that the 
printed circuit board traces may optionally be provid- 45 
ed between through holes 1 96 and 198 to permanent- 
ly bridge the two opposing rows of connecting strips 
114. 

The advantage of using through holes, as op- 
posed to discrete capacitors or capacltive pads to so 
perform the tuning function that is necessary to ach- 
ieve a desired level of transmission performance are 
manifold. Because they require no added compo- 
nents or secondary assembly operations, as do dis- 
crete capacitors, the capacitlve through holes offer in- ss 
herent advantages with respect to manufacturing cost 
as well as product reliability. Also, for circuit boards 
with the thickness needed to allow mounting of stan- 



dard, off-the-shelf components, the magnitude of ca- 
pacitance per unit area is much greater than that of 
overlapping capacitlve pads on opposing surfaces. 
This benefit results from the fact that the capacitlve 
coupling for through holes occurs on multiple planes 
rather than the unidirectional coupling that is charac- 
teristic of parallel pads or plates. 

It will be appreciated that in an alternate embodi- 
ment (not shown), the diameter and spacing of the 
through holes may change as required by the physical 
and electrical constraints of the application or Indus- 
try standanj. Also, the pattern and width of the circui- 
try that forms the grids and the pads may vary ac- 
cording to the requirements of the individual outlet or 
connector. Thus providing a method of achieving a 
controlled amount of capacith/e coupling between se- 
lected circuit paths of a connector which allows reac- 
tive imbalance between pairs that is caused by cer- 
tain outlet wiring schemes and wire connectors to be 
compensated for, by the printed circuitry and through 
holes so as to allow a connectton device to meet or 
exceed Category 5 requirements as described here- 
inbefore. 

The benefits of "Category 5" devices are readily 
appreciated by one of ordinary skill in the art The 
most signif k:ant being the substantial cost savings in 
using unshielded twisted pair wire where shielded, 
co-axial or fiber optic cable has been used in the past 
due to bandwidth limitations of the UTP. 

Referring to Figure 5, each connecting block is 
described in EP-A-0585731. Connecting (or connec- 
tor) block 108 is substantially simitar to the connect- 
ing block shown in Figures 3-8 of US Patent No. 
4,964,812 with the important difference reskJing in 
the use of the beam contacts 228, which are for ex- 
ample of the type shown at 70 In Figures 5 and 6 of 
EP-A-0585731 , in place of the prior art beam contacts 
of the type shown at 10 in Figure 1 of EP-A-0585731. 
The use of beam contacts 228 permits connector 
block 108 to be nrK)unted directly into through holes 
194, 200(not shown in this Figure) in circuit board 106 
and retained therein by press-fit or soldering techni- 
ques. 

In general, connector block 1 08 comprises a one- 
piece housing 230 composed of a suitable Insulating 
material (preferably polycarbonate). Housing 230 is 
substantially rectangular in shape and includes a plur- 
ality of spaced apart teeth 232 and 234 along the 
length of its upper surface. The remaining details re- 
garding connector 108 are found in great detail in US 
Patent No. 4,964,812 and EP-A-0585731, and refer- 
ence should be made thereto for further description. 
The housing may or may not have stand-off ribs 236 
placed along the bottom surface to facilitate solder 
flux removal for the dip embodiment shown in Fig- 
ures 2 and 3 EP-Ar0585731. 

As in US Patent No. 4,964,812, each tenminal clip 
228 Is retained within housing 230 by a pin 238 which 
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extends through opening 240 of the terminal clip. The 
connector block 108 Is assembled to terminal dips 
228 in accordance with a method shown in Figures 
6A-6D of US Patent No. 4,964,812 wherein each pin 
IS initially flash moulded to housing 230 and there- 5 
after dnven through the housing 230 and opening 240 
in a manner described in US Patent No. 4,964,812. 

Refem'ng to Figures 6A-D, 7A-G and 8A-D, one 
of the connecting strips is shown generally at 114. 
Connecting strip 1 1 4 comprises a generally rectangu- io 
lar housing 242 having a top surface 244, a bottom 
surface 246, sides 248. 250 and ends 252, 254. A 
plurality of rectangular openings 256 extend from the 
top surface 244 through to the bottom surface 246. A 
U-shaped channel 258 extends from end 252 through is 
to end 254. The upper ends of the U-shaped channel 
terminate in angled surfaces 260. Each opening 256 
includes a central portion which is slightly narrower 
than the upper and lower portions of the opening. The 
upper portion reduce Inwardly at inclined surfece 262 20 
to the central portion. The lower portion steps Inward- 
ly at surface 264 to the central portion. The bottom 
246 of housing 242 includes an inward step along 
each side 248, 250 thereof, which defines ledges 266. 
Slots 268 are formed In each corner, at the lower end 25 
of each opening 256. The lower end of slots 268 being 
tapered. 

A plurality of vertical slots 270 are defined at the 
outer surface of side 248. Each slot 270 includes a 
step 272 which continues downwardly to a ramp sur- 30 
face 274 followed by an angled retaining surface 276. 
A plurality of corresponding vertical slots 278 are de- 
fined at the outer surface of side 250. Each slot 278 
includes a ramp surface 280 followed by an angled re- 
taining surface 282 near the lower end of the slot and 35 
In alignment with ramp 274 and surface 276. Further, 
each slot 270 is aligned with a corresponding slot 278. 

A plurality of contact 284 are inserted into open- 
ings 256. Each contact 284 includes a base portion 
286 which comprises a rectangular shaped plate. 40 
Plate 286 has a portion thereof cut to form a tab 288 
which is bent away from the plate as shown in Figure 
8B. Plate 286 also includes an opening 290 there- 
through. Ataii portion 292 extends from the lower end 
of plate 286. 45 

The tail portion 292 may comprise any of the new 
tail portions described in EP-A-0585731. In this ex- 
ample, the tail portion 292 has a shape similar to that 
of a needle's eye (sometimes referred to as "eye-of- 
the-needle" and also referred to herein as an eyelet) so 
which comprises an oblong stem (or tail) 294 with an 
axially aligned, longitudinal inner oblong or lenticular 
opening 296 through stem 294. The outer opposed 
edges 298 of stem 294 are coined as described in EP- 
A-0585731. 55 

A resilient arm 300 extends generally upwardly 
from plate 286. Arm 300 includes a straight portion 
302 extending upwardly at an angle relative to plate- 



286 and In a direction opposite the displacement of 
tab 288. Depending upwardly fbllowing the straight 
portion 302 is an accurate portion 304, having the out- 
er edges 305 thereof coined, in a direction opposite 
that of the angular offset portion 302. Again depend- 
ing upwardly following the accurate portion 304 is a 
second straight portion 306 having tapered cornere. 

Two opposing contacts 284 are inserted in each 
opening 256 such that the accurate portion 304 of 
each of the contacts within an opening is biased 
against the other. Further, plate 286 of each contact 
284 is received in a corresponding pair of slots 268 of 
housing 242, whereby tab 288 engages surface 264 
within opening 256 acting as a stop. Also tab 288 is 
biased against the Inside surface of the correspond- 
ing side of housing 242 to retain the contacts within 
the openings. Openings 256 are sufficient in size to 
allow deflection of contacts 284 during Insertion of a 
mating component 

Refening to Figures 9A-D, circuit board 106 is 
shown snap lock mounted onto bracket 104. Circuit 
board 106 after having been populated with connect- 
ing blocks 108 and connecting strips 114 by either 
press fit or soldered, as described above, is mounted 
onto bracket 104. Typically one skie of circuit board 
1 06 is positioned whereby the side edge of the circuit 
board 106 is installed by exerting a downward force 
on that side of the circuit t)oard. This force causes that 
side edge of the circuit board to engage ramp surface 
170 thereby urging corresponding panels 160 to flex 
outwardly until the circuit board travels past surface 
170. At this point panels 160 snap back into an upright 
position whereby edges 172 engage surface 182 of 
the circuit board along this side. Alternath^ely, the cir- 
cuit board may be positioned on the panels 160 
whereby both sides of the circuit board are urged into 
the bracket as described above for one side. Al- 
though, it should be noted that the latter method of In- 
sertion is not the preferred method. 

When circuit board 106 is fully Inserted Into 
bracket 104, surface 184 of circuit board 106 is sup- 
ported on the upper surface of rails 148, 148* and 
held there by edges 172. Tall ends 194 and 292 are 
received in corresponding channels 150, as shown in 
Figure 9D. 

The assembly shown in Figures 9A-D is then in- 
serted into base 102, whereby arms 180 pass through 
openings 120 of base 102 and engage ledges 123 as 
described hereinbefore, resulting in the wiring block 
100 shown In Figures 1A-C. 

While the above description discloses two rows 
of connecting blocks with one row of connecting strips 
therebetween, any number of combinatbn thereof 
may be employed without departing from the spirit of 
the present Invention. By way of example, Figures 
1 0A-C show an embodiment employing two of the as- 
semblies shown in Figures 9A-D designated here at 
310 and 312. In this embodiment a base 314 may be 
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the same as base 102 shown in Figures 3A-B of EP- 
A-0585700. 

Referring to Figures 11 A-E, a disconnect plug for 
separating or blocking selected positions of a con- 
necting strip 114 is shown generally at 316. Plug 316 5 
shown In these Figures will plug four positions, it will 
be appreciated that a plug can be configured to plug 
any number of positions or multiple plugs can be 
used. Plug 316 comprises an inverted U-shaped 
member 318 having legs 320, 322 and connecting io 
member 324. A pair of opposing spaced apart ribs 326 
extend vertically along the interior surface 328, 330 
of legs 320, 322 respectively. 

Each rib 326 includes a V-shaped notch 332 for 
engaging surfaces 274, 276, 280 and 282 within slots 15 
270 and 278 of housing 242. Further, ribs 326 are re- 
ceived within slots 270 and 278, thereby aligning plug 
316 over the desired positions on the connecting 
strips. Plug 316 is preferably a single moulded plastic 
piece. When plug 316 is installed member 334 is in- 20 
serted between opposing contacts thereby brealdng 
the electrical connection. Member 334 depends 
downwardly from member 324 between legs 320 and 
322. A plurality of braces 336 are provided between 
members 334 and 324 to support member 334 during 25 
insertion. A T-shaped grip 338 depends upwardly 
from a surface 340 of member 324. 

During insertion of plug 316 on connecting strip 
114 the ribs 326 slid into slots 270 and 278. The ends 
of ribs 326 engage anus 274, 280 urging legs 320, 30 
322 outwardly. A continued downward force is applied 
until the protrusions defined by surfaces 274, 276 
and the protrusions defined by surface 280, 282 are 
received in recesses 332, at which point legs 320 and 
322 will snap back inwardly. During this insertion, 35 
member 334 Is urged between opposing contacts 284 
with openings 256, whereby the contacts flex out- 
wardly. 

Referring to Figures 12A-D and 13A-E, a con- 
necting strip cover for use with a modular jack assem- 40 
biy (described hereinafter) is shown. The cover com- 
prises two mating assemblies. A first assembly 340 
(Figures 12A-D) comprises an upper body portion 
342 having a U-shape defined by legs 344, 346 and 
a connecting member 348. A leg portion 350 extends 45 
downwardly from member 348. Body portbn 342 in- 
cludes a U-shaped cavity 352 at a surface 354 of por- 
tion 342. Alignment pins 357 extend outwardly from 
surface 354. Leg portion 350 has a plurality of spaced 
apart ribs 356 extending vertically along a surface so 
358 of portion 350. Each rib 356 includes a V-shaped 
notch 360 for engaging surfaces 280 and 282 within 
slots 278. Further, ribs 356 are received in slots 278, 
thereby aligning assembly 340 relative to desired 
positions on the connecting strip. A second assembly ss 
362 (Figures 13A-E) comprises a rectangular shaped 
body portion 364 having an outer surface 366, a re- 
cessed inner sur^ce 368. and a peripheral raised in- 



ner surface 370. Alignment holes 372 are positions in 
surface 370 and are receptive to pins 357 of assembly 
340. A leg portion 374 extends downwardly from por- 
tion 364. Leg portion 374 has a plurality of spaced 
apart ribs 376 extending vertically along a surface 
378 of portion 374. Each rib 376 includes an inward 
step 380 for mating with surface 272 in slots 280 and 
a V-shaped notch 382 for engaging surfaces 274, 276 
in slots 270. Further, ribs 376 are received in slots 
270, thereby aligning assembly 362 relative to de- 
sired positions on the connecting strip. A locking 
member 384 having ramp surfeces 388 extends away 
from surface 368. 

Referring to Figures 14A-C and 15A-D a modular 
jack 400 is mounted on a circuit board 402. Jack 400 
Is secured to circuit board 400 by resilient members 
404 which are urged into openings 406 of board 402. 
Further jack 400 includes leads 408 which further se- 
cure jack 400 to board 402 and also provide electrical 
connection thereto. Jack 400 is, for example, com- 
mercially available from Steward Stamping, AMP In- 
corporated (USA) and other manufacturers of modu- 
lar connectors. 

Board 402 includes sides 410 and 412. A first set 
of plated feed through holes 414 with pads have leads 
408 soldered or press-fit therein. Asecond set of plat- 
ed feed through holes 416 are provided in board 402. 
Circuit traces 418 on side 412 and circuit traces 420 
on side 410 interconnect holes 414 with holes 416. 
Circuit traces 422 on side 412 and circuit traces 424 
on side 410 interconnect holes 41 6 with a row of edge 
contact pads 426 on each corresponding side of the 
circuit board. 

Referring to Figures 16A-D. 17A-D and 18A-D al- 
ternate embodiments of circuit board 402 are shown. 
Circuit boards 402' (Figures 16A-C), 402" (Figures 
17A-C) and 402"' (Figures 18A-C) are similar to 
board 402 with the exception of the actual circuit pat- 
tern, the use of edge contact pads on only one side 
of the circuit board, and the addition of integrally de- 
fined capacitlve elements to compensate for reactive 
imbalance of the jack and the edge contacts. These 
capacitlve elements are of the same type described 
in EP-A-0602484. 

By way of example, side 410 of printed circuit 
board (402* , 402", 402"*) includes a grid of circuitry 
420 connecting to pads 422, having vias or through 
holes that are interconnected in substantially diago- 
nal patterns which, in turn, are selectively connected 
to circuit traces in such a way as to introduce shunt 
(parallel) connections to the individual circuit paths 
provided between pads 414 and pads 416; each of 
which function as one side of a capacitlve element. 
Likewise, a second side 412 of printed circuit board 
(402*, 402", 402"*) includes a grid of a'rcultry 424 con- 
necting to pads 426, having vias or through holes that 
are also interconnected in substantially diagonal pat- 
terns which, in turn, are selectively connected to 
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other circuit traces; each of which function as a sec- 
ond side of a capacltive element It will be appreciated 
that the first set of interconnect of pads 422 on side 
41 0 of the circuit board and the second set of intercon- 
nect of pads 426 on side 412 of the circuit board are 
not eiectrically connected, by that they are spatially 
arranged on each side of the circuit board In such a 
way as to generate a desired amount of capadtive 
coupling between the circuit grids on opposing sides 
412, 410 with the circuit board material being the di- 
electric material of the capacitor. 

Again, the advantage of using through holes, as 
opposed to dtecrete capacitors or capadth^e pads to 
perform the turning function that is necessary to ach- 
ieve a desired level of transmission performance are 
manifold. Because they require no added compo- 
nents or secondary assembly operations, as to dis- 
crete capacitors, the capacitive through holes offer in- 
herent advantages with respect to manufacturing cost 
as well as product reliability. Also, for circuit boards 
with the thickness needed to allow mounting of stan- 
dard, off-the-shelf components, the magnitude of ca- 
padtive pads on opposing sur^ces. This benefit re- 
sults from the fact that the capacitive coupling for 
through holes occurs on multiple planes rather than 
the unidirectional coupling that is characteristic of 
parallel pads or plates. 

It will be appreciated that in an alternate embodi- 
ment (not shown), the diameter and spacing of the 
through holes may change as required by the physical 
and electrical constraints of the application or indus- 
try standard. Also, the pattern and width of the circui- 
try that forms the grids and the pads may vary ac- 
cording to the requirements of the individual outlet or 
connector. Thus providing a method of achieving a 
controlled amount of capacitive coupling between se- 
lected circuit paths of a connector which allows reac- 
tive imbalance between pairs that is caused by cer- 
tain outlet wiring schemes and wire connectors to be 
compensated for, by the printed circuitry and through 
holes so as to allow a connection device to meet or 
exceed Category 5 requirements as described here- 
inbefore. 

Referring to Figures 19A-D. jack 400 with circuit 
board 402 is installed within the cover assembly 340 
(Figures 12A-D) and assembly 362 (Figures 13A-E) 
form a modular jack test assembly 430. Jack 400 Is re- 
ceived within the opening of the U-shape body 342 of 
assembly 340. Members 404 of jack 400 are engaged 
by member384 of assembly 340. Assemblies 340 and 
362 are connected by inserting pins 357 of assembly 
340 into holes 372 of assembly 362, and may be re- 
tained therein by a friction fit or a suitable epoxy. Ribs 
356 and 376 are engaged in slots 270 and 278 re- 
spectfully, in the same manner ribs 326 are engaged 
in the slots, described hereinbefore. When modular 
jack test assembly 430 Is Inserted into a connecting 
strip 114 pads 426 engage contacts 284 thereby pro- 



viding electrical contact therebetween. Assembly 430 
may be used for testing or at other times when a mod- 
ular jack connection is desired. 

It will be appreciated that the modular jack test 

5 assembly may be configured for any number of pos- 
itions on a connecting strip 114. Assembly 430 shows 
contact for eight posittons. By way of example a four 
position modular jack test assembly is shown in Fig- 
ures 20A-D. 21A-E, 22A-E, 23A-C and 24A-E. These 

10 Figures are numbered in accordance with the above 
described embodiment with the addition of a prime, 
reference being made thereto for a descriptton there- 
of. The following differences will be noted : holes 416 
are not included, the traces connect directly between 

IS pads 414' and 426', upper body portion 342' is rec- 
tangularly shaped and has a rectangularly shaped 
' cavity 352', and jack 400' is disposed above body 
portion 342*. 

All housings, brackets and other components 

20 herein with the exception of the circuit boards and the 
electrical contacts is comprised of a suitable insulat- 
ing material (preferably polycarbonate). 



25 Claims 

1. An electrically wiring device having transmissfon 
lines connected thereto, comprising: 

first and second rows (11 0 and 112) of first 
30 connector means (108), said first connector 
means (108) induding a housing (230) having op- 
posed upper and lower ends and a plurality of 
contacts (228) In said housing extending be- 
tween said upper and lower ends, each of said 
35 contacts (228) including contact means at a first 
end thereof for said transmission means, 
charactarised by 

a circuit board (1 06) having circuitry there- 
on, said circuit board (106) having first and sec- 
40 ond opposing surfeces (182 and 1 84), opposing 
skies (1 86 and 1 88), and opposing ends (1 90 and 
192). said contacts (228) of sakJ first connector 
means (108) induding at their second end means 
for connecting to said circuit board (106), 
45 a row (116) of second connector means 

(114), said second connector means (114) indud- 
ing a housing (242) having opposed upper and 
lower ends and a plurality of first and second con- 
tacts (284) in said housing (242) extending be- 
so tween said upper and lower ends, each of said 
first and second contacts (284) induding contact 
means (300) at a first end thereof and means 
(292) at a second end thereof for connecting to 
said circuit board (106). 
55 said contacts (228) of said first connector 

means (1 08) in said first row (1 1 0) being connect- 
ed by said drcuitry on said circuit board (106) to 
corresponding said first contacts (284) of said 
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second connector means (114), 

said contacts (228) of said first connector 
means (108) in said second row (112) being con- 
nected by said circuitry on said circuit board (106) 
to corresponding said second contacts (284) of s 
said second connector means (114). 

said contact means (300) on said first and 
second contacts (284) of said second connector 
means (114) co-operating to define a defeatabte 
electrical connection between corresponding io 
contacts (228) of said first connector means 
(1 08) in said first and second rows (1 1 0, 1 1 2), and 

said circuitry on said circuit board (108) 
being configured so as to substantially restore 
electrical balance to the transmission lines is 
wherein cross talk originating from said first and 
second connector means is reduced. 

2. The device as claimed in claim 1. characterised 

in that said circuitry includes a plurality of plated 20 
through holes (194, 196. 198, 200, 202. 206. 210. 
214) being spaced and connected to obtain a de- 
sired capacitance for substantially restoring elec- 
trical balance to the transmission lines wherein 
cross talk originating from said first and second 25 
connector means (108 and 114) is reduced. 

3. The device as claimed in daim 1 or 2, character- 
ised in that said circuit board (106) is comprised 

of a dielectric material. 30 

4. The device as claimed in any one of claims 1 to 
3, characterised in that said contacts (228) of said 
first connector means (108) comprise insulation 
penetrating beam contacts. 35 

5. The device as claimed in claim 4, characterised 
in that each of said insulation penetrating beam 
contacts (228) comprises a pair of resilient 
beams. ao 

6. The device as claimed in any one of claims 1 to 
5, characterised in that said means for connect- 
ing to said circuit board of said contacts of said 
first and second connector means comprises a 45 
solder tail. 

7. The device as claimed in any one of da\n\s 1 to 
5, characterised in that said means for connect- 
ing to said circuit board of said contacts of said so 
first and second connector means comprises a 
solderless tail (292). 

8. The devk;e as claimed in any one of claims 1 to 

7. characterised in that said first and second con- ss 
tacts (284) of said second connector means (114) 
each include a resilient arm (300) extending to- 
ward said first end thereof. 
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9. The device as claimed in any one of claims 1 to 
8, characterised by a base (102) having opposing 
upper and lower surfaces, said circuit board (106) 
being disposed on said base, said base (102) in- 
cluding mounting means. 

10. The device as claimed in daim 9. characterised 
by a bracket (104) having opposing upper and 
lower surfaces, opposing sides, and opposing 
ends, sakl lower surface (144) of said bracket be- 
ing attached to said base (102) by first snap lock 
mounting means, said circuit board (106) being 
attached to said upper surface (146) of said 
bracket by second snap lock mounting means. 

11. The device as claimed in daim 10. characterised 
in that said first snap lock mounting means com- 
prises : 

a) on sakj bracket: 

a rail (1 74) along the length of said low^ 
er surface (144), 

a plurality of spaced posts (176) de- 
pending from a surface (178) of saki rail 
(174). and 

a pair of resilient arms (180) extending 
outwardly and upwardly from one end of each 
of said posts (176) at opposing sides thereof; 
and 

b) on said base: 

at leastone corresponding longitudinal 
channel (120) In said upper surface (118) 
thereof, wherein said rail (174) of said bracket 
(104) is received, 

a plurality of spaced holes (122) 
through said upper and lower surfaces of sakl 
base within said channel (120). and 

an opposing pair of retaining edges 
(123) defined within each of said spaced 
holes (1 22), one end of each of said arms en- 
gaging said corresponding retaining edge 
within sakJ spaced holes. 

12. The device as claimed in daim 10, characterised 
in that said second snap lock mounting means 
comprises on said bracket 

a plurality of resilient upwardly extending 
panels (160) disposed at said sides of said brack- 
et (104), 

a plurality of rails (148. 148') extending up- 
wardly from said upper surface (144) of sakj 
bracket (104). said rails (148, 148') defining 
channels (150) therebetween, saki rails (148. 
148') having upper surfaces collectively defining 
an upper support surface, and 

a retaining ledge (172) extending from 
each of said panels (160), wherein said retaining 
ledges (172) engage said first surface of said cir- 
cuit board (106) with said second surface of sakl 
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circuit board (106) being supported by said sup- 
port surfece. 

13. The device as claimed in claim 12, characterised 
in that s 

said bracket (104) further includes a plur- 
ality of side retaining members (1 56) disposed In 
between said panels (160); and 

said circuit board (106) further includes a 
plurality of recesses (222) in said sides thereof, io 
said recesses (222) receiving said side retaining 
members (156). 

14 The device as claimed in claim 1, characterised 
in that said circuit board (1 06) further comprises : is 

a first row (1 94) of plated through holes for 
receiving said contacts (228) of said first row 
(110) of said first connector means (108); 

a second row (1 96) of plated through holes 
for receiving said first contacts (284) of said sec- 20 
ond connector means (114); 

a third row (1 98) of plated through holes for 
receiving said second contacts (284) of said sec- 
ond connector means (114), said third row (198) 
of plated through holes being adjacent said sec- 25 
ond row (196) of plated through holes; 

a fourth row (200) of plated through holes 
for receiving said contacts (228) of said second 
row (112) of said first connector means (108), 
said second and third rows (1 96 and 1 98) of plat- 30 
ed through holes being disposed between said 
first and fourth rows (194 and 200) of plated 
through holes; 

said circuitry connecting said first and 
fourth through holes (194 and 200) to said third 35 
through holes (198); 

a fifth row (202) of plated through holes 
adjacent to said first row (194) of plated through 
holes; 

said circuitry connecting said fifth through 40 
holes (202) to selected said first through holes 
(194), wherein coupling between said first and 
fifth through holes (194 and 202) offsets electri- 
cal imbalance induced by said second connector 
means (114) connected to said second row (196) 4S 
of through holes; 

a sixth row (206) of plated through hole 
pairs adjacent to said second row (196) of plated 
through holes; 

said circuitry connecting said sixth so 
through holes (206) to selected said second 
through holes (196), wherein coupling between 
said second and sixth through holes (196 and 
206) offsets electrical imbalance induced by said 
first connector means (108) connected to said 55 
first row (194) of through holes; 

a seventh row (210) of plated through hole 
pairs adjacent to said thnd row (198) of plated 



through holes; 

said circuitry connecting said seventh 
through holes (210) to selected third through 
holes (198), wherein coupling between said third 
and seventh through holes (198 and 210) offsets 
electrical imbalance induced by said first connec- 
tor means (108) connected to said fourth row 
(200) of through holes; 

an eighth row (214) of plated through holes 
adjacent to said fourth row (200) of plated through 
holes; 

said circuitry connecting said eighth 
through holes (214) to selected fourth through 
holes (200), wherein coupling between said 
fourth and eighth through holes (200 and 214) 
offsets electrical imbalance induced by said sec- 
ond connector means (114) connected to said 
third row (198) of through holes. 
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